Abstract: Reconstruction of oral defects using flaps following resection of oral cancer has become a standard approach for restoration of oral function. The purpose of this study was to investigate chronological changes in the volume of such flaps used for reconstruction and the factors affecting flap volume. We performed a retrospective analysis of 17 patients who had undergone oral cancer resection and reconstruction with flaps. Measurements were performed using data from computed tomography, and the flaps were selected semi-automatically using a computer-operated region-of-interest system. The data indicated that the change in total flap volume at 1 year after surgery was 30.6%, and that body weight loss was a risk factor for volume reduction. Our results suggested that flaps should be at least 30% larger than the defects they are intended to repair. However, as large flaps have the potential to cause upper airway obstruction, flap volume should be determined on an individual basis according to defect size and location.
Introduction
The use of flaps for reconstruction of defects in the head and neck region has recently become a standard approach, and has increased the surgical options for extensive resection of advanced head and neck cancers. The purpose of flap reconstruction is not only to prevent postoperative complications but also to restore function and improve the cosmetic outcome. However, the head and neck region is one of the most difficult areas in which to achieve effective reconstruction and rehabilitation (1) . An adequate flap volume is critical for restoration of swallowing and speech function, and also for a satisfactory esthetic outcome (2) (3) (4) (5) (6) . However, it is well known that flaps used for reconstruction undergo volume reduction, and that this can be affected by various factors such as irradiation, loss of body weight, muscle atrophy, type of flap, and host condition (1, 6, (7) (8) (9) (10) . Although various types of reconstruction using flaps have been described previously, flap atrophy is a universal problem. For this reason, the volume of a flap must be larger than that of the defect it is used to repair, and the volume should be maintained for a long period after surgery. Although many studies have investigated surgical procedures, postoperative complications, and functional outcomes, few attempts have been made to clarify the long-term outcomes of flap surgery. In this retrospective study, we investigated chronological changes in the volume of flaps used for reconstructive surgery and the factors that may positively or negatively influence the flap volume.
Materials and Methods
We performed a retrospective analysis of 20 patients who underwent resection of oral cancers and reconstruction with free or pedicled flaps at Ogaki Municipal Hospital between August 2007 and September 2014. Three patients were excluded because of insufficient imaging data or unsuitable operative procedures. The study protocol was approved by the institutional review board of Ogaki Municipal Hospital (No. 20150827-1).
Patient records were analyzed for risk factors such as gender, age, body weight loss (>5%), type of reconstruction, outcome, postoperative infection, and pre-and postoperative therapy. Measurements were performed using axial computed tomography (CT) images with a ≤5.0-mm slice thickness (Fig. 1A-D) . CT images were analyzed using a SYNAPSE VINCENT volume analyzer (Fuji Medical Systems, Tokyo, Japan). The flap volume was selected semi-automatically using a computer-operated region-of-interest system based on the boundary of CT values between the flap and normal structures in each axial plane slice (Fig. 1A) . The inferior and posterior borders of the flap were defined by mandibular and ramus planes, respectively. These areas, including both fat and muscle, were extracted, and the total volume of all flaps was calculated (Fig. 1B) . Furthermore, we calculated the fat volume of the flap based on CT values (voxels between −200 to −10 Hounsfield Unit were defined as fat voxels). After these two steps, the muscle volume was calculated by subtracting the fat volume from the total volume (Fig. 1C) . Thus, the muscle volume included non-muscle components, such as the dermis. These volumes were calculated at approximately 2 months, 1, and 2 years after surgery. The measurements were performed three times by the same author, and the mean value was calculated. The Mann-Whitney U test was used to compare correlations between risk factors and changes in flap content. The threshold for indication of statistical significance was set at a probability (P) value of less than 0.05.
Results

Patient demographics
The mean age of the 17 patients (13 men and four women) was 59.2 (range, 34-75) years. Of these 17 patients, 13 underwent pedicled flap reconstruction, and four underwent free flap reconstruction. For reconstruction, a pectoralis major musculocutaneous (PMMC) flap was used in 13 cases, an anterolateral thigh (ALT) flap in three cases, and a rectus abdominis myocutaneous (RAM) flap in one case. The three ALT flaps were harvested by including part of the muscle. Two cases involving ALT flaps were excluded because they did not include the muscle component. None of the patients underwent innervation procedures. The reconstruction site was the tongue in six cases, the floor of mouth in six cases, and the mandible in five cases. No case of local cancer recurrence was observed. However, three patients developed neck recurrence postoperatively, and underwent radiation therapy.
Chronological changes of flap volume
Although the mean total flap volume (n = 17) at 1 year after surgery was decreased significantly to 69.4% (P < 0.01), it was decreased marginally to 58.1% at 2 years (P > 0.05) (Fig. 2) . At 1 and 2 years after surgery, the mean total flap volume for reconstruction of the tongue (n = 6) was reduced to 69.7% and 60.1%, that for the floor of mouth (n = 6) was reduced to 73.9% and 52.7%, and that for the mandible (n = 5) was reduced to 63.5% and 62.3%, respectively.
The mean muscle volume was decreased significantly relative to the fat volume (Fig. 3) . The mean fat volume at 1 year after surgery was reduced to 75.0% of the initial volume, and that at 2 years was reduced to 71.5%. On the other hand, the mean muscle volume was reduced to 60.5 and 42.0% at 1 and 2 years, respectively. There were significant differences between the groups at 2 years after surgery (1 year, P > 0.05 and 2 years, P < 0.01) (Fig. 3) . Factors associated with postoperative changes in flap volume A body weight loss of 5% at 1 year after surgery was associated with a decrease in total flap volume (1 year, 0.02 < P < 0.05 and 2 years, P < 0.01) ( Table 1, Fig.  4 ). In the non-weight-loss group, the mean total flap volume at 1 and 2 years after surgery was reduced to 84.1% and 78.3% of the initial volume, respectively. On the other hand, the mean total flap volume in the weight loss group was significantly reduced to 59.1% and 44.0% of the initial volume, respectively. No other factors were significantly associated with the change in total flap volume (P > 0.1) ( Table 1) .
Discussion
Although an adequate flap volume is critical for achieving both functional and esthetic outcomes after reconstruction surgery, it is well known that the flap Although the mean total flap volume at 1 year after surgery was significantly decreased to 69.4% (P < 0.01), only a marginal decrease to 58.1% was evident at 2 years (P > 0.05). Fig. 3 Changes in the muscle (total volume-fat volume) and fat volume of the flaps. The mean fat volume at 1 year after surgery was decreased to 75.0%, whereas that at 2 years was 71.5% of the initial volume; the mean muscle volume was decreased to 60.5 and 42.0%, respectively. Significant differences were observed between the groups at 2 years (1 year, P > 0.05 and 2 years, P < 0.01). undergoes a reduction in volume with time. Therefore, flaps are empirically designed to be 10%-30% larger than the actual defects created by primary surgery (6, 8, 11) . However, the preoperative estimation often proves insufficient in the long term, resulting in poor functional and esthetic outcomes and requiring additional surgery. In the past, changes in postoperative flap volume were assessed by clinical examination and by review of conventional photographs (11, 12) . Some authors have recently reported chronological changes in flap volume assessed by CT and magnetic resonance imaging (MRI) (1,6,7-10). Sakamoto et al. reported that the final volume of RAM flaps decreased to 23.1% of the original postoperative volume at 12 months (9) . In the present study, the mean change in total flap volume amounted to 30.6% at 1 year. In addition, no noticeably marked flap atrophy was observed between 1 and 2 years after surgery. Accordingly, these results suggest that empirical treatment, i.e., over-correction of the flap, was appropriate and our results also showed that excisional flap debulking should be performed later than 1 year after surgery if the flap has a bulky appearance. The correlation between the procedure employed and continuous changes in flap volume remains unknown. Although Cho et al. reported that the postoperative decrease in flap volume at 2 years after reconstruction with an ALT flap was greater than that after reconstruction with a PMMC flap (8) , further studies are required to clarify this correlation.
It is well known that flaps usually undergo a postoperative volume reduction mainly due to muscle atrophy (6, 9) , and our results also support this contention. Thus, the optimal flap should be rich in fat to maintain its volume. On the other hand, in head and neck reconstruction, the submandibular space must be filled, and muscle tissue is useful for this purpose (9) . Moreover, muscle tissue is used to wrap the reconstruction plate to avoid late exposure (13) and to cover the carotid artery. Therefore, the fat-to-muscle ratio should be decided on an individual basis according to the size and location of the defect. Various flaps, such as the latissimus dorsi myocutaneous flap, gracilis muscle transfer, rectus abdominis muscle flap, and anterolateral thigh flap with the vastus lateralis muscle have been used for functional tongue reconstruction using motor nerve reinnervation (14) (15) (16) . Muscle atrophy may not be present in these innervated muscle flaps. Robb et al. suggested that motor nerve reinnervation did not seem to offer any advantages for functional muscle transfer in tongue reconstruction, particularly in patients who are scheduled to undergo postoperative irradiation. However, those authors suggested that in patients who do not require postoperative irradiation, motor nerve reinnervation may achieve some degree of muscle movement and prevent the muscle from undergoing atrophy (17) . On the other hand, Joo et al. reported that the changes in postoperative flap volume for sensate and non-sensate RFs were 44.1 and 33.4%, respectively (P = 0.388). Hence, no significantly positive association between sensate and non-sensate flaps was found (1) . Further studies should aim to clarify the correlation between changes in flap volume and the use of innervation.
The effect of postoperative adjuvant irradiation on flaps used for reconstruction is controversial. Although Chatterjee et al. reported that postoperative irradiation had no significant effect on breast volume following deep inferior epigastric perforator flap reconstruction (18) , two teams reported a correlation between flap volume reduction and irradiation in patients undergoing head and neck reconstructive surgery (1, 9) . In contrast, Yamaguchi and Cho et al. reported no significant difference in flap volume between patients who did and did not undergo irradiation after head and neck reconstructive surgery (6, 8) . Additionally, Yamaguchi et al. suggested that volume of fat was influenced more by disease status than by irradiation, stating that "the fate of the flap reflects the fate of the host" (6). Our results showed that weight loss due to anorexia, cachexia, and postoperative dysphagia were significantly associated with the reduction in total flap volume. Therefore, strict nutritional management during the perioperative period may help to prevent flap volume reduction.
In the present study, changes in total flap volume were not significantly associated with other factors. Another retrospective study reported that renal failure, prior surgery in the oral region, the postoperative serum Fig. 4 Changes in total flap volume in the weight loss (n = 10) and non-weight-loss (n = 7) groups. Loss of body weight was significantly associated with a decrease in total flap volume (1 year, 0.02 < P < 0.05 and 2 years, P < 0.01).
albumin level as well as postoperative irradiation were significant risk factors for a reduction in flap volume at 6 months after surgery. The results suggested that larger flaps should be used in patients who possess these risk factors or are scheduled to undergo postoperative radiotherapy (10) .
The present study had some limitations, such as a small sample size, the heterogeneous nature of the flaps, and a non-randomized retrospective design. Therefore, a larger prospective randomized study will be required in order to clarify the risk factors for flap volume reduction. Furthermore, the perioperative management of patients undergoing flap reconstruction will require further investigation.
A total flap volume reduction of 30.6% was observed at 1 year after surgery, and the volume was further decreased slightly between 1 and 2 years. It was suggested that the volume reduction was due mainly to muscle atrophy. These results indicated that the flaps employed should be at least 30% larger than the defects they are intended to fill. Moreover, it was suggested that excisional debulking of the flap should be performed later than 1 year after surgery. In addition, body weight loss appeared to be a significant risk factor for flap volume reduction.
Although the volume of a flap must be larger than that of the defect, possible upper airway obstruction is an issue of concern. Therefore, in order to perform optimal flap reconstruction, prophylactic tracheostomy is sometimes required.
